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A BSTHACT

Dispersion relations for weak interaction processeé are ob-
tained in the present papero |

It is shown that in pro@esses which involve not only weakly
interacting but strongly interacting particles as well, the dis-
persion relations are equivalent to the statement that the unknown
amplifude functions, which are determfned by strong interactions,
depend only on momentunm transfer between strongly intergcting par-

ticles, *

Jo Introducection

HTICTG AT =

One of the main principles of present-ds¢ lgeal field theory
<5 the causal;ty prlnciplééo It has been recentiy demonstrated
that this principle uunlderlies the deduction of thé so-called dis=
periong relaticns wh%ch(connaa4 the Hermitlian and anti=Hermitlan
and anti-Hermitian g;;t; of the UIO’GSD amplitudez. Censequently,
an experimental check of these rcxations may serve to verify lo-
¢alizability of the theory. The dispersion redlattions are usually
deduced for strong interactions. However it would be interesting
to ascertain just what the dispersion relations yield in the ca-
se «f weak interactions,

According to the general theory of dispersion relationsiﬁ,
the "Hermitian" part of the amplitude | in a special ooord;nate
system is equal to an integral of the "anti-Hermitian" part A,
taken over the energy, plus an arbitrary polynomial Fﬂ_(" The

"anti-Hermitian" part of the amplitude can be expréssed in terms
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‘bflthe product of the "meson" ("electron") current with tLe "neu-

a

trino" curreanto. Because of smallness of the weak imteracticn couple

ing constant, C , only terms invclving the first power of the

coupling constant should be taken into account. Since the smallmess
of the product of the aforementioned currents is not lower than the
second order the "anti-Hermitian" part will vanish in the appr@xi==
mation under considerationo
In the case of electromagnetic interactions besides processes

for which the "anti-Hermitian" part in the given approximation al-
so vanishes (e.go. scattering of electrons on protons) there are so-
me processes (photoproduction, Compton effect) for which fhe "anti-
Hermitian" part is of the same order of magnitude as the“Hermitiano
Thus for all weak 1ntera§tions and for those electromagnetic proses-
es whode "antiaHermitianﬁ part of the amplitude 1s % zerc¢, the dis-

persion relations assume a particularly simple form
DE) - Py, (E) Q)

- As 13 well knowng tho necessity ¢f analyzing the analytieal'
properties of}lA 1s the source of the main difficulties which are
encountered when one attempts tq prove the dispersion relations.
Since in thebpases under considergtion A should de replaced by
zero the prpof is evident and caﬁ be directly odtained from gene-
ral principles as well as from the usual theory.

In view of the particular simplici&y of disversion relations (1)
1t would seem to be of special interest to use them to check the '

localizability of the theory.
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2, D1 a Relation Tatersctions
spersioa Relations -:f\for‘.loak Interactions T

As n example consider the nacfion’

e

* A1) conclusions concernigy met:on (2) are co.phfol:

applicadle to the reactiong e + P—n+ \)

M : ’
R e e

(2)

prp——n+y

In this reaction veakl.y utoraoting ( s,V ) as well as strong;
ly 1nteracting (p,n) particles age uvolvedo ¥e write the matrix
element for process (2) in the form

¢ 'y .ty 3 ! +
S(p,q,p,q)--(&u) <¢)P-S:av(q)so,,(q)cpp3> ¢ 3,)
where CPPS 1z the state vectar of the initia) nucloon, a,,
is tho M meson creation operator, and ay iz the noutrtno

abs orption operatea- °

-

rranapoaing the creag;on omatu la (3) to the po‘tuon at :
the oxt:ene lett and the annﬁnhuu oporator to tho youuon at
the extrem right we obta.il

(4)

Weqp) Jss
i © /P3>up (q)dxd«g

8%

M,.m Ty(q))e”

Introducing the "meson® and 'ncutrino' cnrre‘ntl opoiatort

S5 . (.5 ) . B

( )--L—~-—— - A
J"‘ kd 8\*, (%)s ) JV (<)~ LSWS . R |
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ve get [ -
iw—ﬂ‘—{ﬂf (Y}, ()
z Siyyb() " 7}3"
SZS + {)
T . (6)
§yy )y, (y) % g, . |
l-t, Sww‘wu(nh(g)
novever, in virtue of the causality pri@ciploll
i ) §i,y)
_i*_.‘.’....__..f-:o lé?)(, -—i‘-_—t'-——-?—:o )(?‘d (7)
S\V}J(\&) ‘ SVV(K) :

and therefore taking the first term in the expansion in the weak
interaction constant C we get
s. §%c

i 5 + :

;8_ F 9} =0 | forxvzld. - (8)
S dwutp o -

L
-

Thas aigniffes that the given‘ orprc#aion is a ﬁﬁaai-local ope-
rator and invol;ea .5()( - 'd) and possibly its derivatives. ‘1"ho
implication 1is .that an equivalent lagrangian exists which is losal
with roﬁpoot to the meson-neutrino interaction and that the unknowa
matrix element (3) can bde odtained by applying perturbation theory
to the o,quivﬂcﬁ't.l.agrangian. I1f, as 1s customary, we assume that
derivatives of the meson and neutrino fields do not enter the imterac-

tion lagrangian we get

. .
1- _-_39 : S* - :5()(-5-)/\()(% (9
S\Pv(x)gyp(g) c
!'akhgg' i:ntq‘\ acoount (9) we odtain
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S
= [ s neo [ ps y de-

(25) 8(p' +q'~p-4)<P's A0 PS>

_ Expreasion (10) dependa on the mementa p and q' - q,-' dbut
not en the momentu- q+ q S ,X.n&ucoordimto system 1in which

p + p .\,O ‘ this means that eXpression (10) is 2 funotion of

:P; and 13 ndenendont on B o - e

Substituting (10) ia (4) and taking 1nto account rohtiviu-

tic 1nvar1nnce requironents n obtau

£y
PR

(n,q,pq) Yg(u"(q )0’ u},(q')(u <p)52 Jup(p):-',&ap P ) (;1;)
where OL " are Saais Dirac n;atrinc‘el“s,. o
", §. are operators consisting of matrices

K}‘ and momenta p and p°'.
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A consequence of localizability of the meson-peutrino interace
tion is thét the unknown functions édetermimed of & process deter-
mined by strong inferactions depend only on transfer of momentum to
the nucleono It shouid e noted that expressionm (1i) was obtained
without assuming localizability of strong interactions. '

The independence of functioans Fi& on the momentumvf?ﬂ'?l
established above can also be deduced from the usual theory by ap=
plying the Feynman graph technigqueo The most general form of dliag-

rams contributing to the process 1s represented in Fig. 1.

{

9,
NI ,
g < p-pqq
P ‘
\ b
P
Figo 1.

Since the mescn and neutrino lines converge at a single point
in the diagrams (this is a reflection of the localizability condi-
tion in the giveﬂ"case), 1t 18 apparent that the strong interact-
jon part of the graph &epends only on the momenta p and p-—p' dbut
not on +'q’ 0 ieeao we again obtain expression (11).

It should be particularly emphasized that our main coﬁclﬁsion,
namely,'that the form‘fgota:s Fq' depend only on momentum transfer

to the nucleon, is based on the assumption of localizability of

the meson-neutrino interaction but not of localizability of strong

interactions.

Thus only conclusions regérdiﬂg localizabilaty of the mesen-
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neut:inb interaction can be deduced from the displraion relatiohs

for process (2). '
Indoed, if the meson=meutrino interaction is non-local (Loeo,

a suitable "form-factor" i1s introduced between appropriate lines

in Fig.l), the functions FiJ will markedly depend on the momentum

Q+q’ *, An experimental study of this dependence

* In this case in a coordinate system in which ?;+]5’=<9
the functions FLJ will depﬁhd not only on momentum transfer to
the nucleon dbut on the energy of the incident particle as well,

should directly yield information on localizability of the meson-
neutrino interaction,

A determination of the dependence of F . on momentum transfer
to the nucleon should permit one to determine the *meson-neutrino®
structure of the nuddeon. , |

Compariscn ¢f the diagram in Figo 1 with diajrams for scatter-
ing of electrons on nucleons indicated that the effective dimeasion
of the "meson-neutrino? structure of nncleon is apparently of the
same order of magnitude as that of the ”electromagnetic" strueture,
It should also be noted that the results obtained above‘are comple-

tely applicable to édeces P decay** and alse to such hyperon and
K-imeson deton

** In P decay processes the structure functions are practi-

cally constant in virtue of small momentum transfer to the nucleon.
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processes in which u, e and V particles participate along
with strongly interacting particles.®

* The reaction jar @V e is a special case, Since
‘only weakly interacting particles are imvolved here, the lccaliza-
bility condition is equivalent to applieabilit’ of the first ap-
proximation of perturtation theory to the usual Lagrangian,

Jo.K=Meson Decay

e —

In this section we shall apply the results obtained above ts

K-meson decay

e
] _ (12)

~ 8ssuming the K-mesons to be pseudoscalar and applying the
results obtained 4in section 1 we arrive at the fclloﬁing»expresslon

for the decay amplitude

S(p, P',q,q'»)‘:' G,tp- p’le)(&e(q)uv(q’)) '

Q’.i.(.‘fmf.' ) (G (q,)xpw(q N+

ML)‘“G((I)GPV pp Pv u (q)) (13)
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where P and PI are respectively the K- and i ~-meson momenta,
G- and tf are the electron and meutrino momenta and M 1is the

¥-meson mass, '

~As in the foregoing it is assumed that the electron-neutrine
1hteraction 1s local and does not contéin der;vativeso A oonsequence
of this 1s that in the c.m.s. the unknown functions G which are
determined by strong interactions, depend on the G meson energjo
It 18 the a verification of this fact that should permit one to
check the localizability of the electron—-neutrinoe interaction., This
can de done by studying the angular and energy aisgridution of decay
produces for fixed values of the i meson energy.

The following expression for the angulardistridbution can readi-
1y bde obtained by using formala (13)3(

W(Ey,8 ) 1\G|(l+xcose)e;

?(Zﬂ)’

+[c. l*x sin‘@ + |6, -5 (x+cose)

2 [mG,'G';'—P:—'— (x fwse)(;fxrc?s”@)} ‘

 (M-Ep") (1-x3)° 12 ¢ vdE . 5inBds
Cexws8) ' 'E.P proim®am

(14)
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= lw &
where O and ' . are respec_t_id;y the 91 meson momentum and energy;
O 1s the sugle between the Ti  meson and eleotron momenta and
vom ‘J'P [:_! g lkpxusi'on(u) ‘Wag ‘obtained on the assymption that

the’ olootron enery 15 large colipared with its rest mass, The - ‘energy
distridbution cam bo wpitten in the form

e
W“":’F‘l)*(ac g,,-,?f: w‘@«,l(x naep(m rg,m

*lG34{“—“ﬁﬁl(‘ S ?J) ?l}ﬂ6%5%4n&pu w)(l" w, f;f'

(- lp ”-P‘szP d-‘:q e e as)

vhere (‘ and [—_1 ars the eleetrot somsatum and energy and
M l- .
Comparison of formulae (14) and (15) with experimental data on

the angular and energy distribmtions may be used to check the localira~
bility of the electron-neutrime intersstion. It shiculd be mentioned
that since the maximum decay electrem énergy Eq ~- 200 ReV, process
(12) should permit one to investigate distances of the order of 10712
cm. Agreement between the experimental data and formulae (15) and (16)
therefore -eq merely indiocate that ths twtal length, 1fv1t exists,

does net exceed 10" ¢m

4. Bloétrhioghotic Interactions

It was untioncd ia the 1ntro¢lctia that in a- aumber of proces-
ses :l.nvolvh. slectremagnetic utorution the 'nti-xorinin' | |

et
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| part of the uplatudc u’" 8&!5&% ﬁaﬁ:& &rcfuﬁ of -a.gnitudc as the

8 e G M

"Hermitian®, rhc disperaioh relations for theso cases were derived

in a numder of papera4°7/ and thqy vill not be diacnsaed here,

- S €

;._,-4 [k 4 _" k] +*

A typioal yrocessth! 'hich éh ganti—Hermitian' part df'tﬁi"

amplitude 14 of & ‘higher ordes o{y
Fen g

scattering of electrons on preto nso

CAL wwE oW L AL A ofe ¥ oL

anallness thanl thn 'Hermitian' 13

< Q)D
‘ _; Y

“a 4l «h 5 .c"

dotorninlng the eloctronagnetic structuro of tho nuoleoﬁaA’/ It

At prosent this process is boing stndiod with the pnrposo ot

quite evident that the resulta obthined 1n
Plicadle in thia case,

section 1 are completely ap-

Summing up, it may bde atated that for the prosesses consider-

ed adove the dispersion relations are equivalent to the statemtnt

that the unknown amplitude fnnctiona, which are determined by strong

interactions,

teracting particles,

depend only on momentun transfer between strongly in-

Of course, this property oan be acfually applied only if an

analysis of radiative éorrootioni

ia‘éhrried out since one must

know the limits of the region in which these
significant,

corrections are in-
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